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Scalar sextet in the 331 model with right-handed neutrinos
Nguyen Anh Ky and Nguyen Thi Hong Van
Institute of Physics and Electronics, 10 Dao Tan, Hanoi, Vietnam
A Higgs sextet is introduced in order to generate Dirac and Majorana neutrino masses in the
331 model with right-handed neutrinos. As will be seen, the present sextet introduction leads to a
rich neutrino mass structure. The smallness of neutrino masses can be achieved via, for example, a
seesaw limit. The fact that the masses of the charged leptons are not effected by their new Yukawa
couplings to the sextet is convenient for generating small neutrino masses.
PACS numbers: 12.10.Dm, 12.60.Fr, 14.60.Pq
I. INTRODUCTION
The 331 model [1, 2, 3, 4] based on the gauge group
SU(3)C ⊗ SU(3)L ⊗ U(1), is one of the interesting ex-
tensions of the standard model (SM). Firstly, it is stated
that the model guarantees the number of the families to
be three. Secondly, the Peccei–Quinn symmetry [5] – a
solution of the strong CP problem, naturally occurs in
the 331 model [6]. The third reason making this model
interesting is that one of the quark families transforms
under the gauge group differently from the other two.
This could naturally explain unbalancing heavy top
quarks in the fermion mass hierarchy, deviations of Ab
from the SM prediction, etc. Recent analyzes indicated
that signals of new particles in this model, i.e., bileptons
[7, 8] and exotic quarks [9], may be observed at the
Tevatron and the LHC. The fact that the 331 model
predicts not very high new mass scales, at the order of a
few TeV’s only [10], may help us to solve in a near future
some hard problems like the g − 2 problem [8], neutrino
oscillations and masses (see, for example, [11]–[16]) , etc..
The 331 model has several versions. Two of them are
the minimal version [1, 2, 3] (in which no new lepton
is introduced and all leptons of each generation are
grouped in one triplet), and the version with right-
handed neutrinos (RHN’s) [4]. Each of the two versions
has specific feactures but at the beginning they both
were introduced with a Higgs sector consisting of three
scalar SU(3)L-triplets (or shortly, triplets) only. Later,
a Higgs SU(3)L-sextet (or shortly, a sextet) described by
a symmetric tensor Sij = Sji, i, j = 1, 2, 3, was added
to the minimal version in order to properly generate all
charged lepton masses [3]. In the version with RHN’s,
so far, however, a Higg sextet has not been needed as
the three Higgs triplets have been enough for generating
masses for all charged leptons and quarks. As far as
neutrinos are concerned, we can make them remaining
massless by choosing an appropriate configuration of
vacuum expectation values (VEV’s) of the Higgs sectors.
The problem related to fermion masses seems quite
simple here. Both the theoretical motivations and
the experimental results in the last time [17] – [34],
however, give more and more evidences supporting the
idea of massive neutrinos which may be of a Dirac or
a Majorana type. So far, many theoretical mechanisms
for generating neutrino masses have been suggested (see,
for example, [33] – [40] and references therein). In the
models with massive Dirac, not Majorana, neutrinos,
a certain combination of the lepton numbers can be
a conserved quantity, while an existence of massive
Majorana neutrinos violates it. So, the question of
massive neutrinos of which type is directly related to a
fundamental question of symmetries in particle physics.
In the 331 models there have been several ways neutrinos
to get masses.
The minimal 331 model can generate Majorana masses
which could be tree-level (if a non-zero VEV of the
sextet component S00 ≡ σ01 is allowed) [11] or radiatively
induced [12, 13]. There are also other mechanisms for
generating neutrino masses for this version of the 331
model, for example, in [15] the sextet is replaced by a
neutral scalar singlet and a dimension-seven effective
operator is introduced. Experimental and practical
data show that the neutrinos if massive have very tine
masses (only a few eV’s or less). In the frameworks of
the minimal 331 model some attempts for explaining
the smallness of neutrinos masses have been made (see,
for eaxmple, [11] – [15]). As far as the 331 model with
RHN’s is concerned, investigations on neutrinos masses
are much poorer here. In this model, the neutrinos (more
precisely, two of them) can gain Dirac masses if a definite
one of the three Higgs triplets develops a non-zero VEV
but at the present, as stated in [4], it is not known how
to get small neutrino masses. Additionally, there is no
explicit evidence for the Majorana neutrino masses to be
excluded in advance from consideration when the lepton
number has no real meaning in both versions of the 331
model (as a lepton and its antiparticle are simultaneosly
components of one and the same multiplet) and when
neutrinoless double beta ((ββ)0ν ) decays (which are
sensitive to the existence of Majorana neutrinos and
violate the total lepton number by two uinits) are still
considered as possible processes [21] – [26]. Moreover,
the presence of the right-handed neutrinos in the theory
is a good reason for considering neutrino masses of
Majorana type. In this paper we show that Majorana
neutrino masses can be introduced in the 331 model with
RHN’s by adding a scalar sextet to the Higgs sector.
2Beside Majorana neutrino masses, this modified model
allows Dirac neutrino masses too. The smallness of the
neutrino masses can be achieved by taking, for example,
a seesaw limit. In general, as will be seen, the sextet
introduction suggests a rich structure of the neutrino
masses. The present paper is organized as follows.
In the next section we briefly recall some necessary
elements of two versions of the 331 model, namely the
minimal version and the original version with RHN’s in
which the Higgs sector contains only three scalar triplets.
A scalar sextet is introduced to this sector in the Section
3 where we show how neutrino masses can be generated
after the sextet introduction. The conclusion and some
comments are given in the last section, Section 4.
II. SOME ELEMENTS OF THE 331 MODELS
A. The minimal version
Let us start with the minimal version of the 331 model
[1, 2, 3]. The leptons of all generations transform un-
der the gauge group SU(3)C ⊗ SU(3)L ⊗ U(1) (or the
331-gauge group, for short) in one and the same way as
follows
faL =


νaL
laL
(laR)
c

 ∼ (1, 3, 0), lcR ≡ (lR)c, (1)
where a = 1, 2, 3, is a generation index. The Higgs sec-
tor of the minimal 331 model consists of three triplets
and one sextet which ensure masses for all fermions in
the model via symmetry breaking which could follow the
order
SU(3)C ⊗ SU(3)L ⊗ U(1)N
〈χ〉 ↓
SU(3)C ⊗ SU(2)L ⊗ U(1)Y
〈ρ〉, 〈η〉 ↓ 〈S〉
SU(3)C ⊗ U(1)Q,
(2)
where 〈χ〉, 〈ρ〉, 〈η〉 and 〈S〉 are VEV’s of the Higgs fields
χ, ρ, η and S, rescpectively (see [3, 41] for more de-
tails). As far as the quark sector is concerned, one of the
quark generations transforms differently from the other
two which in turn transform in one and the same way
under the 331-gauge group.
B. The version with right-handed neutrinos
In the original version of the 331 model with RHN’s
proposed in [4] a lepton multiplet of each generation, ob-
tained from the corresponding one in (1) by replacing
the third component lR with a right-handed neutrino νR,
tranforms under the 331-gauge group as
faL =


νaL
laL
(νcR)
a

 ∼ (1, 3,−1/3), laR ∼ (1, 1,−1),
where a is a generation index. In our opinion, the right-
handed neurtino on the third component of fL could be
in general different from the anti-neutrino νR - the anti-
particle of the neutrino ν, staying on the first component
of fL. To avoid any confusion, instead of ν
c
R (used in [4])
we suggest [42] another notation, say N cR, for the third
component of fL:
faL =


νaL
laL
(N cR)
a

 ∼ (1, 3,−1/3), laR ∼ (1, 1,−1). (3)
Here, as in the minimal version, two of the quark gen-
erations transfrom in one and the same way, while the
remaining one transforms differently (as the quark sector
is not considered in this paper, its explicit stucture and
transformation are not given here).
The Higgs sector of the original version with RHN’s [4]
consists of three scalar triplets
η =


η01
η−2
η03

 ∼ (1, 3,−1/3), ρ =


ρ+1
ρ02
ρ+3

 ∼ (1, 3, 2/3),
χ =


χ01
χ−2
χ03

 ∼ (1, 3,−1/3). (4)
The Yukawa couplings in this case
Lχyuk = λ1Q¯1Lu
′
1Rχ+ λ2ijQ¯iLd
′
jRχ
† +H.c.,
LρY uk = λ1aQ¯1LdaRρ+ λ2iaQ¯iLuaRρ†
+Gabf¯
a
L(f
b
L)
cρ† +G
′
abf¯
a
Le
b
Rρ+H.c., (5)
Lηyuk = λ3aQ¯1LuaRη + λ4iaQ¯iLdaRη† +H.c.,
where a, b = 1, 2, 3, i = 2, 3, can ensure (via the LHS
symmetry breaking scheme in (2)) masses for all quarks
and charged leptons as well as Dirac masses for two of
the neutrinos [4]. This model, however, cannot explain
the smallness of neutrino masses and does not generate
(at least, at the tree-level) a Majorana neutrino mass
which, as discussed above, is by no reason to be exluded
in advance from consideration. This problem may be
solved by introducing a scalar sextet to the model.
3III. SEXTET AND NEUTRINO MASSES IN
THE 331 MODEL WITH RHN’S
A neutrino mass (at the tree level) can be generated
by coupling an appropariate Higgs boson to f¯L(fL)
c. As
an SU(3)L-tensor the latter is a (tensor) product 3
∗⊗3∗
of two SU(3)L–anti-triplet f¯L and (fL)
c, consequently, it
can be decomposed into a direct sum of a triplet 3 (the
anti-symmetric part of the tensor) and an anti-sextet 6∗
(the symmetric part of the tensor):
3
∗ ⊗ 3∗ = 3⊕ 6∗.
To constitute an SU(3)L-invariant quantity we can
contract f¯L(fL)
c with an anti-triplet 3∗ and/or a sextet
6. The term Gabf¯
a
L(f
b
L)
cρ† in the Yukawa Lagrangians
(5) is a contraction of the first kind. Here, three SU(3)L-
indeces are antisymmetrized by contracting with the
anti-symmetric SU(3)L-tensor ǫijk, i.e., the rank-two
tensor f¯L(fL)
c is anti-symmetrized (therefore, it trans-
forms under SU(3)L as a triplet 3) and contracted with
ρ†, an anti-triplet (3∗). At 〈ρ〉 6= 0, the above Yukawa
coupling term can generate Dirac masses for two of the
three neutrinos (while the third one remains massless)
[4]. This way for generating neutrino masses, however,
gives no indication for that the neutrino masses obtained
are small, and it excludes the Majorana neutrino masses
which (as explained above) might be important. A scalar
sextet added to the Higgs sector may solve this questions.
A scalar field tranforming under SU(3)L as a sextet 6
can be described by a symmetric tensor which in the
present case has the following explicit form and 331-
gauge transformation law
S =


τ01 T
−
1 /
√
2 τ02 /
√
2
T−1 /
√
2 T−−2 T
−
3
τ02 /
√
2 T−3 τ
0
3

 ∼ (1, 6,−2/3). (6)
A non-zero VEV of this sextet S coupled to the symmet-
ric part of f¯L(fL)
c could give rice to Dirac and/or Majo-
rana neutrino masses without effecting the masses of the
charged leptons. The Lagrangian term corresponding to
this Yukawa coupling is
Gsabf¯
a
L(f
b
L)
cS +H. c., (7)
where Gsab are new coupling constants; a, b = 1, 2, 3, are
generation indeces, while the SU(3)L-indeces are omit-
ted. A general structure of a VEV of S could be
〈S〉 =


ω1 0 ω2/
√
2
0 0 0
ω2/
√
2 0 ω3

 , (8)
where ωn are VEV’s of the neutral sextet components τ
0
n,
n = 1, 2, 3. This VEV when inserted in (7) leads to the
mass term
Gsab
(
ν¯ aL , l¯
a
L , (N¯
c
R )
a
)


ω1 0 ω2/
√
2
0 0 0
ω2/
√
2 0 ω3




(ν cL )
b
(lcL)
b
N bR

 ,
(9)
which in the neutrino subspace has the form
Gsab
(
ν¯ aL , (N¯
c
R )
a
) ω1 ω2/
√
2
ω2/
√
2 ω3

( (ν cL )b
N bR
)
.
(10)
The latter is nothing but the familiar Dirac–Majorana
mass term
1
2
(
ν¯L, N¯
c
R
)( mT mD
mD mS
)(
ν cL
NR
)
, (11)
where the generation indeces are omitted and mT,D,S
are 3× 3 matrices with the following elements
(mT )ab = 2G
s
ab ω1, (mD)ab =
√
2Gsab ω2,
(mS)ab = 2G
s
ab ω3. (12)
An analysis of a mass term of this kind is well known.
For example, at the seesaw limit
mT ≈ 0, mS ≫mD (13)
or equivalently,
ω1 ≈ 0, ω3 ≫ ω2 (14)
we get two eigen mass matrices (generation–mixing, in
general)
m1 = (mD)
T (mS)
−1
mD, m2 = mS . (15)
The condition (14) could be accepted in some circum-
stance as ω3 characterizes the energy scale of bearking
SU(3) down to SU(2) and therefore it must be much
bigger than ω2 and ω1 characterizing the scales of break-
ing SU(2) and U(1):
ω3 ≫ ω2 ≫ ω1. (16)
Diagonalizing the matrix Gsab and keepping (14) we get
for each eigenstate of Gsab, a diagonalized mass matrix,
(mT )k = 2G
s
k ω1, (mD)k = 2G
s
k ω2/
√
2,
(mS)k = 2G
s
k ω3, k = 1, 2, 3, (17)
leading to the Majorana neutrinos
(n1L)k = (νL)k − (mD)k
(mS)k
(N cR)k, (18)
(n2L)k =
(mD)k
(mS)k
(νL)k + (N
c
R)k, (19)
4with masses
(m1)k = (m
2
D)k/(mS)k ≡ Gsk
(ω2)
2
ω3
, (20)
(m2)k = (mS)k ≡ 2Gsk ω3, (21)
where (M)k is a diagonal element of a diagonalized
matrix M. An estimation of these masses can be made
by taking bounds of the VEV’s ωi and the coupling
constant Gs via analyzing different processes (decay
modes and branching ratios) and an appropriate scalar
potential in the Higgs sector with participation of the
sextet. However, basing on the experimental data,
theoretical imagination or assumption and some trick
(the ratio m1/m2 = (ω2/ω3)
2 does not depend on the
coupling constants G) we can avoid this, a bit long,
procedure.
If we can neglect the generation mixing we should have,
for each generation, Majorana neutrinos
(n1L)a = (νL)a − (mD)a
(mS)a
(N cR)a, (22)
(n2L)a =
(mD)a
(mS)a
(νL)a + (N
c
R)a, (23)
with masses
(m1)a = (m
2
D)a/(mS)a ≡ Gsa
(ω2)
2
ω3
, (24)
(m2)a = (mS)a ≡ 2Gsa ω3, (25)
respectively. If the magnitude of mD is in the order of
those of the charged lepton masses, i.e., (mD)1 ∼ me,
(mD)2 ∼ mµ, (mD)3 ∼ mτ , while mS is around 1 TeV
or bigger [8, 10], we get the following estimation on the
masses of neutrinos νe, νµ and ντ :
mνe < 0.25 eV, mνµ < 11.2 KeV, mντ < 3.16 MeV.
(26)
It is some thing like the normal hierarchy of neutrino
masses. A popular theoretical assumption (for a seesaw
model), however, says that mS related to the mass of a
right-handed neutrino could be very large, with a mag-
nitude near to that of MGUT . A value of mS between
the range 1010 GeV < mS < 10
15 GeV can ensure the
neutrino masses very small even for relatively large mD
as accepted in some models (e.g., mD ∼ 200 GeV in [31]).
Let us return to Eqs. (17) – (21) since the generation
mixing is already a real fact [17] – [20]. According to the
recent data [27] – [34] giving an upper bound of neutrino
masses in the order of 1 eV (or less) we get a relation
between the magnitudes of mD and those of mS :
m2D
mS
= 10−9 GeV
from which if we take the bound 300 GeV < mS < 1 TeV
[8, 10] we should have
0.548 MeV < mD < 1 MeV. (27)
The latter bound is around the electron mass. As men-
tioned above the ratio m1/m2,
m1
m2
=
(
ω2
ω3
)2
, (28)
is somewhat ”universal”, that is, it is independent from
the coupling constants but the ratio ω2/ω3. Thus, a
ratio can be predicted if the other one is known.
In a standard way [35] – [40] we can consider other
limits of the mass term (11): the pure Majorana limit
(mD = 0), the Dirac limit (mT = mS = 0) or the pseudo-
Dirac limit (whenmT ≪ mD andmS ≪ mD), etc. In the
latter case, there are two almost-degenerate Majorana
neutrinos with a very small mass spliting. For mS = 0,
mT ≪ mD the masses are m± = mD ±mT /2. Another
case is when both mD and mS (and/or mT ) are very
small and comparable. This case leads to non-degenerate
Majorana neutrinos and, as in the pseudo-Dirac case, to
signicant ordinary-sterile (νaL − (N c)aL) mixings (to be
or not to be confirmed by LSND). However, the latest
counted cases may not be compatible with the symmetry
breaking hierarchy of the model.
IV. CONCLUSION
We have introduced in the 331 model with RHN’s a
new Higgs field, a sextet under SU(3)L, with the hope to
generate proper neutrino masses. In the original version
of the model [4], the neutrinos, more precisely, two of
them, can have Dirac masses only but the presence
of the right-handed neutrinos in the model indicates
that it is possible and reasonable to include Majorana
neutrino masses, especially, when the processes like
(ββ)0ν decays are still considered to be possible. The
sextet introduction, suggesting a rich neutrino mass
structure, may solve this problem and generate neutrino
masses in a right order. Next, following [41] we can
investigate the mass spectra of this extended scalar
sector of the 331 model with RHN’s (thus we need a
notion of the lepton number for the case and follows [11]
to construct a lepton-number-conserved potential).
Note added: Some earlier versions with two neutrinos
in a lepton triplet of the 331 model were considered in
[43, 44, 45]. A Higgs sextet was introduced and discussed
briefly in [44, 45]. However, the corresponding neutrino
mass term was analyzed in other aspects, its seesaw limit,
therefore, the seesaw mechanism, was not considered and
Majorana neutrinos and masses were almost neglected in
[44, 45] (due to the circumstance in their epoch), unlike
in the present paper.
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